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NON-VOLATILE MEMORY CELL 

FIELD OF THE INVENTION 

The present invention relates to integrated circuits, and 
more particularly, to an integrated circuit including a non 
Volatile memory cell based on a floating-gate avalanche 
injection metal oxide silicon (FAMOS) type transistor. 

BACKGROUND OF THE INVENTION 

Floating-gate avalanche injection metal oxide Silicon 
(FAMOS) technology uses the natural memory cell obtained 
with a P-type MOS transistor whose single gate is insulated 
or electrically unconnected. This gate is therefore a floating 
gate. 

This memory cell is called a natural memory cell because 
it is obtained without the addition of Supplementary Steps to 
the basic method of manufacturing a P-type MOS transistor. 
In particular, the memory cell has only one polysilicon level, 
unlike other known memory cells, for example EPROM or 
EEPROM type memory cells which usually have two of 
them. On the other hand, Since the gate is electrically 
unconnected, it is not possible to electrically erase this 
memory cell. UV rays have to be used. This type of memory 
cell is therefore more particularly used as a one-time pro 
grammable (OTP) memory. 
A diagrammatic view of a memory cell of this kind is 

shown in FIG. 1a. In the example, the memory cell com 
prises a P-type MOS transistor with a gate G, a drain D and 
a source S. The memory cell is made in an N-type well on 
a P-type substrate. It therefore has a bulk connector B 
connected in a conventional way to the Source S to eliminate 
the substrate effect. The only difference between the 
FAMOS memory cell and a usual P-type MOS transistor is 
that its single gate G is not electrically connected, and is 
therefore a floating gate. 

The programming of the memory cell is obtained by hot 
electrons. The electrical diagram corresponding to the pro 
gramming operation is shown in FIG. 1b. A programming 
voltage VPP is applied to the source S, and ground GND is 
applied to the drain D. The potential of the gate G rises by 
capacitive coupling with the Source and the bulk connection. 
Hot electrons are then created at the drain and injected into 
the gate. 

In the blank state or the state in which the memory cell is 
erased by ultraviolet rays, a FAMOS memory cell has a 
threshold voltage of about -0.6 V. When programmed, this 
threshold voltage goes to about 1 V. Putting into effect new 
options of technological methods for non-volatile memories 
is highly costly in terms of development and testing. It is 
therefore especially useful to be able to integrate functions 
based on natural elements, directly resulting from the tech 
nology concerned and especially memory functions. 
A common problem with non-volatile memories lies in 

their data retention. The retention of data in a FAMOS 
memory cell may be affected by Spikes at the interface 
between the gate and the insulator formed around the 
transistor, So that the other active elements made in the 
Substrate are insulated. 

This problem is recalled with reference to FIG. 2, which 
shows a diagrammatic view of an arrangement of the PMOS 
transistor forming a FAMOS memory cell in a P-type 
substrate. Conventionally, the drain diffusion Zone D and 
Source diffusion Zone S are made in an N-type well and 
aligned with the polysilicon gate G in the transversal direc 
tion. 
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2 
Usually, the different active elements of the substrate are 

insulated by field oxide. The memory cell is thus insulated 
from the other active elements of the integrated circuit by the 
field oxide all round the transistor delimited by the well. 

Various techniques are used to make this field oxide. 
These techniques include LOCOS or STI (shallow trench 
insulation) which gives a thinner Surface oxide thickness. 
The interfaces 1 and 2 of this field oxide with the gate G are 
brittle Zones of the structure due to the differences in height 
between the elements. 

The mechanical constraints in these Zones 1, 2 may 
locally modify characteristics of the gate oxide of the 
memory cell and promote a loSS of charges. For these 
reasons, the FAMOS memory cell does not offer a truly 
Satisfactory data retention period. 

SUMMARY OF THE INVENTION 

In View of the foregoing background, it is an object of the 
invention to use the natural memory cell as a non-volatile 
memory cell in an integrated circuit. 

Another object of the invention is to provide a FAMOS 
memory cell with improved data retention. 

These and other objects, advantages and features of the 
invention are obtained by a ring arrangement of the memory 
cell, So that one of the electrodes is at the center and the other 
electrode is at the periphery. The gate is then inside the 
volume delimited by the peripheral electrode. The field 
oxide is outside the volume delimited by the peripheral 
electrode. 

The invention therefore relates to a non-volatile memory 
cell comprising a P-type MOS transistor whose Single gate 
is not electrically connected, and wherein this transistor has 
a ring arrangement. The invention also relates to an inte 
grated circuit comprising at least one non-volatile memory 
cell of this type. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention are given 
in detail in the following description, made by way of a 
non-restrictive indication with reference to the appended 
drawings, of which: 

FIGS. 1a, 1b and 2 respectfully show a conventional 
FAMOS transistor, a corresponding electrical diagram and a 
diagrammatic arrangement according to the prior art, 

FIG. 3 shows an arrangement of a non-volatile memory 
cell according to the present invention; and 

FIG. 4 is a diagrammatic view of an integrated circuit 
comprising at least one non-volatile memory cell. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference is made hereinafter to a FAMOS transistor. 
This expression must be understood to mean a P-type MOS 
transistor whose Single gate is not electrically connected. 

FIG. 3 shows a ring arrangement of a FAMOS transistor 
on a P-type Substrate. The invention may also be applied to 
an arrangement on an N-type Substrate. In this arrangement, 
a central diffusion Zone 10 and a peripheral diffusion Zone 30 
are made. The polysilicon gate 20 is in the volume delimited 
by the two diffusion zones 10, 30. The field oxide 40 
surrounds the peripheral diffusion Zones 30. 
A ring arrangement of this kind requires no additional 

manufacturing Step, and the difference between the usual 
Straight or linear arrangement and the ring arrangement lies 
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in the designing of the different elements. However, this 
arrangement is costlier in terms of Space. In one example, in 
a given technology the minimum W/L geometry of the MOS 
transistor with a conventional linear arrangement is 0.8 
microns by 0.35 microns. With a ring arrangement, the 
minimum geometry is 5.8 microns by 0.35 microns. 

In the ring arrangement, it is moreover preferable to make 
at least two contact points on the peripheral diffusion Zone 
30 to reduce the access resistance of the ring-like diffusion 
Zone. Preferably, and as shown in FIG. 3, several contact 
points C1 to C8 are planned. In the example, these points are 
distributed throughout the surface of this Zone. 

Advantageously, the ring arrangement can be used to 
obtain far better performance from the non-volatile memory 
cell with a FAMOS transistor, especially with regards to data 
retention. With the ring arrangement, the gate 20 which is 
not connected is confined within a Volume inside the periph 
eral diffusion Zone 30. Thus, the gate 20 is confined to the 
interior of the very structure of the FAMOS memory cell, 
and there is no longer any interface between the gate and the 
field oxide. 

Furthermore, owing to the ring arrangement, the periph 
eral electrode 30 has a far greater Surface area than the 
central electrode 10. If the peripheral electrode 30 is taken 
as the Source S, and the central electrode 10 is taken as the 
drain D, the gate-Source capacitive coupling is promoted to 
the detriment of the gate/drain capacitive coupling. This 
gives a higher gate potential in the programming phase. 
Thus, the programming is faster and the quantity of charges 
injected into the gate is greater. The programming level is 
therefore better, thus improving the data retention. 

In practice, the capacitive coupling between the gate and 
the Source is 58 percent higher than the capacitive coupling 
between the gate and the drain. AFAMOS memory cell with 
a ring arrangement according to the invention provides a 
Storage function in integrated circuits without development 
costs. The trade-off here is a fairly large Surface area of 
memory cell which, however, can be accepted in applica 
tions that do not require a large memory capacity. 

With a memory cell according to the invention, it is 
possible to provide a low-cost memory function in an 
integrated circuit. Should Several memory cells be designed, 
it is necessary to provide for at least one Selection transistor 
(not shown) associated with each memory cell used to 
Selectively program or read this memory cell. 
A corresponding integrated circuit is shown diagrammati 

cally in FIG. 4. This circuit has at least one FAMOS memory 
cell C1. A control circuit 50 is provided for selecting and 
applying the programming or read voltages to a Selected 
FAMOS memory cell. 

That which is claimed is: 
1. A non-volatile memory cell comprising: 
a MOS transistor having a ring arrangement and com 

prising 
a center electrode at a center of the ring arrangement, 
a floating gate Surrounding Said center electrode, 
at least one peripheral electrode along a periphery of 

the ring arrangement, and 
Said center electrode, Said floating gate and Said at least 

one peripheral electrode being arranged So that pro 
gramming is performed by applying a first voltage 
reference to Said center electrode and a Second 
Voltage reference to Said at least one peripheral 
electrode So that capacitive coupling with Said float 
ing gate causes a charge to be injected therein. 

2. A non-volatile memory cell according to claim 1 
wherein Said MOS transistor comprises a Semiconductor 
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4 
layer; an wherein Said center electrode is defined by a central 
diffusion region in Said Semiconductor layer at the center of 
the ring arrangement, and Said at least one peripheral elec 
trode is defined by a peripheral diffusion region in Said 
Semiconductor layer along the periphery of the ring arrange 
ment. 

3. A non-volatile memory cell according to claim 2, 
further comprising a dielectric layer Surrounding Said 
peripheral diffusion region. 

4. A non-volatile memory cell according to claim 1, 
wherein Said center electrode is a drain electrode, and Said 
at least one peripheral electrode is a Source electrode. 

5. A non-volatile memory cell according to claim 1, 
wherein Said at least one peripheral electrode comprises a 
plurality of contact points. 

6. A non-volatile memory cell according to claim 1, 
wherein said MOS transistor comprises a P-type MOS 
transistor. 

7. A non-volatile memory cell according to claim 1, 
wherein Said MOS transistor is configured as a floating-gate 
avalanche injection metal oxide silicon (FAMOS) transistor. 

8. A non-volatile memory comprising: 
a Substrate of a first conductivity type, 
a plurality of non-volatile memory cells, with each 
memory cell comprising a MOS transistor having a ring 
arrangement in Said Substrate and comprising 
a central diffusion region of a Second conductivity type 

in Said Substrate at a center of the ring arrangement 
for defining a center electrode, 

a floating date Surrounding Said center electrode, 
a peripheral diffusion region of the Second conductivity 

type in Said Substrate along a periphery of the ring 
arrangement for defining at least one per peripheral 
electrode, and 

Said center electrode, Said floating gate and Said at least 
one peripheral electrode being arranged So that pro 
gramming is performed by applying a first voltage 
reference to Said center electrode and a Second 
Voltage reference to Said at least one peripheral 
electrode So that capacitive coupling with Said float 
ing gate causes a charge to be injected therein. 

9. A non-volatile memory according to claim 8, further 
comprising a dielectric layer Surrounding Said peripheral 
diffusion region. 

10. A non-volatile memory according to claim 8, wherein 
Said center electrode is a drain electrode, and Said at least 
one peripheral electrode is a Source electrode. 

11. A non-volatile memory according to claim 8, wherein 
Said at least one peripheral electrode comprises a plurality of 
contact points. 

12. A non-volatile memory according to claim 8, wherein 
the first type of conductivity comprises a P-type 
conductivity, and the Second type of conductivity comprises 
an N-type conductivity. 

13. A non-volatile memory according to claim 8, wherein 
the first type of conductivity comprises an N-type 
conductivity, and the Second type of conductivity comprises 
P-type conductivity. 

14. A non-volatile memory according to claim 8, wherein 
Said MOS transistor is configured as a floating-gate ava 
lanche injection metal oxide silicon (FAMOS) transistor. 

15. An integrated circuit comprising: 
at least one non-volatile memory comprising a plurality of 

non-volatile memory cells, each memory cell compris 
ing at least one MOS transistor having a ring arrange 
ment and comprising 
a center electrode at a center of the ring arrangement; 
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a floating gate Surrounding Said center electrode, 
at least one peripheral electrode along a periphery of 

the ring arrangement; and 
Said center electrode, Said floating gate and Said at least 

one peripheral electrode being arranged So that pro 
gramming is performed by applying a first voltage 
reference to Said center electrode and a Second 
Voltage reference to Said at least one peripheral 
electrode So that capacitive coupling with Said float 
ing gate causes a charge to be injected therein. 

16. An integrated circuit according to claim 15, wherein 
Said at least one MOS transistor comprises a Semiconductor 
layer; and wherein Said center electrode is defined by a 
central diffusion region in Said Semiconductor layer at the 
center of the ring arrangement, and Said at least one periph 
eral electrode is defined by a peripheral diffusion region in 
Said Semiconductor layer along the periphery of the ring 
arrangement. 

17. An integrated circuit according to claim 16, further 
comprising a dielectric layer Surrounding Said peripheral 
diffusion region. 

18. An integrated circuit according to claim 15, wherein 
Said center electrode is a drain electrode, and Said at least 
one peripheral electrode is a Source electrode. 

19. An integrated circuit according to claim 15, wherein 
Said at least one peripheral electrode comprises a plurality of 
contact points. 

20. An integrated circuit according to claim 15, wherein 
said at least one MOS transistor comprises a P-type MOS 
transistor. 

21. An integrated circuit according to claim 15, wherein 
Said at least one MOS transistor is configured as a floating 
gate avalanche injection metal oxide silicon (FAMOS) tran 
Sistor. 

22. An integrated circuit according to claim 15, further 
comprising a control circuit connected to Said at least one 

5 

15 

25 

35 

6 
non-volatile memory for applying at least one of a program 
ming and a read voltage to a Selected memory cell. 

23. A method for making a non-volatile memory cell 
comprising at least one MOS transistor having a ring 
arrangement, the method comprising: 

forming a central diffusion region in a Semiconductor 
layer at a center of the ring arrangement for defining a 
center electrode, 

forming a floating date Surrounding the center electrode, 
forming a peripheral diffusion region in the Semiconduc 

tor layer along a periphery of the ring arrangement for 
defining at least one peripheral electrode, and 

the center electrode, the floating gate and the at least one 
peripheral electrode being arranged So that program 
ming is perform by applying a first voltage reference to 
the center electrode and a Second Voltage reference to 
the at least one peripheral electrode So that capacitive 
coupling with the floating gate causes a charge to be 
injected therein. 

24. A method according to claim 23, further comprising 
forming a dielectric layer Surrounding the peripheral diffu 
Sion region. 

25. A method according to claim 23, wherein the center 
electrode is a drain electrode, and the at least one peripheral 
electrode is a Source electrode. 

26. A method according to claim 23, wherein the at least 
one peripheral electrode comprises a plurality of contact 
points. 

27. A method according to claim 22, wherein the MOS 
transistor comprises a P-type MOS transistor. 

28. A method according to claim 23, wherein the MOS 
transistor is configured as a floating-gate avalanche injection 
metal oxide silicon (FAMOS) transistor. 

k k k k k 


